Population genetic data for 20 autosomal STR loci in an Iraqi Arab population: application to the identification of human remains.
Since the 1980s armed conflict and other situations of violence have led to the death of hundreds of thousands of individuals in Iraq. Events range from the Iran Iraq war to more recent atrocities committed during internal unrest, which is still ongoing. Large numbers of individuals are classified as missing and their bodies have never been identified and returned to their families. In an attempt to address this problem the Iraqi Medico Legal Directorate has developed its capacity in forensic anthropology and forensic genetics to recover and identify more individuals. Forensic genetics within the Directorate is split into three sections: Crime Scene, Relationship Testing, and Mass Graves. The Mass Graves Section was formed in 2010 and is tasked with identifying missing individuals. Even after recovery and anthropological assessment the challenges faced are numerous, including DNA recovery from highly degraded remains, some of which are over 35 years post-mortem, to the scale of the numbers of missing persons involved. The Mass Graves Section has adopted the PowerPlex® 21 System (Promega, Madison, USA), which enables 20 STR loci to be amplified in one PCR; DNA and be amplified after extraction or directly from reference samples. In this study the data for an allele reference database for the Iraqi Arab population is presented. In addition some simulations of the theoretical power of the PCR kit for the identification of human remains are presented.
DNA samples were analysed from 1088 healthy, unrelated and consenting adults who were Iraqi nationals and identified themselves as Iraqi Arabs. Samples were collected with informed consent in different parts of Iraq; the majority were from Baghdad (N=293), Babil (N=199), Najaf (N=250) , Quadisiya (N=142) and the remaining samples from south of Iraq. Blood samples were collected using finger lancets and stored on FTA® Classic Card (GE Healthcare, Pittsburgh, USA). For each sample a 1.2 mm punch was directly amplified following the manufacturer's recommended conditions. PCR using the PowerPlex 21® System with an Applied Biosystems 9700 thermocycler was carried out using the standard manufacturer's recommended conditions: this co-amplified the amelogenin sex marker and 20 STR Loci (D3S1358, D1S1656, D6S1043, D13S317, Penta E, D16S539, D18S51, D2S1338, CSF1PO, Penta D, TH01, vWA, D21S11, D7S820, D5S818, TPOX, D8S1179, D12S39, D19S433, and FGA). Capillary electrophoresis was performed using a 3500 Genetic Analyzer (Applied Biosystems) in accordance with the manufacturer's instructions; ILS-500 (Promega) was used as an internal size standard. Genotyping was performed using GeneMapper ID-X v1.4 software (Applied Biosystems). Alleles were designated according to the published nomenclature; off ladders were called if they fell into a virtual bin as long as the profile as a whole was judged to be of good quality, alleles that were not in a bin or virtual bin were re-run at least once before designation.
Statistical parameters and forensic utility of these markers was evaluated by calculating the allele frequencies, probability of Identity (Pɪ), major allele frequency (MAF) , genotype number, gene diversity, homozygosity, polymorphism information content (PIC), typical paternity index (TPI), power of discrimination (PD) and power of exclusion (PE) using PowerMarker software v. 3.25 [1] . Version 3.5 of Arlequin software [2] was used to perform an exact test to investigate departures from Hardy-Weinberg equilibrium (HWE) and population differentiation; the data generated in this study were compared to 9 population data sets for available loci. The populations assessed were Kurdish [3] , Iranian [4] , Turkish [5] , Syrian [6] , Saudi [4] , Kuwaiti [7] , United Arab Emirates [8] , Egyptian [4] and Indian [4] .
The observed allele frequencies of 20 STR loci in Arab Iraqis population are summarized in Supplementary Table S1 . A total of 286 alleles at these 20 STR loci were found with corresponding allelic frequencies ranging from 0.0005 to 0.5101. The number of alleles varied from 7 (TPOX) to 27 (FGA). Upon analysis of the data Penta E was found to be the most discriminating locus with 0.9113 heterozygosity, PD of 0.9829 and a TPI of 4.3174 -131 different genotypes were seen at this locus; the least discriminating locus was TPOX with 0.6582 heterozygosity, PD of 0.6946 and a TPI of 1.4353 -22 genotypes were seen at this locus ( Supplementary Table S1 ). A number of off-ladder variants were identified during the analysis, most of these had been previously reported on STRBase [9] , but some uncommon variants were seen in D12S391, with alleles 19.1, 19.2, 19.3 and 20.1 detected in 1, 2, 14 and 10 samples respectively. Other variants not reported in STRBase were D19S433 allele 11.2, and D1S1656, allele 8.
The exact test for departure from HWE was significant after Bonferroni correction for D21S11 (pvalue = 0.0003) and FGA (p-value = 0.0012). Why this is caused is not clear, but it could be due to inbreeding, selection, population substructure, null alleles, or a sampling effect. When comparing different populations there are significant differences: of the neighbouring countries tested the Iranian, Turkish and Syrian populations were similar with between none and two loci significantly different (after Bonferroni correction), whereas the Kuwaiti and Saudi populations were more distant. Notably, the Kurdish population showed significant differences after Bonferroni correction at half the loci tested ( Supplementary Table S2 ), which ssupports the need for separate populationspecific databases within Iraq.
Simulations were carried out in DNA.view [10] to assess the typical likelihood ratios that could be expected when attempting to identify human remains when using different combinations of relatives. A box and whiskers plot is shown in Figure 1 , with the distribution of likelihood ratios for be very high, especially when multiple relatives are available for testing [11] . Median and typical likelihood ratios for different scenarios are presented in Supplementary Table S3 . However, care has to be taken when calculating likelihood ratios based on data from the PowerPlex 21 ® System as four pairs of loci are physically linked: D5S818 and CSF1PO on chromosome 5; D2S1338 and TPOX on chromosome 2; D21S11 and Penta D on chromosome 21; and vWA and D12S391 on chromosome 12. This can lead to co-inheritance in close relatives, which in turn leads to higher likelihood ratios than would be expected with unlinked loci [12] . Another complication that needs to be considered when calculating likelihood ratios, especially in complex identification cases where there are 1000s of missing individuals, is the impact of consanguinity, which is highly relevant in the Iraqi context [13] .
This manuscript of population data follows the journal guidelines [14, 15] Figure 1 Boxplot comparing the distribution of simulated log 10 likelihood ratios for 10 relationship scenarios: 1) one sibling; 2) one parent/child; 3) two siblings; 4) spouse and child; 5) parent and sibling; 6) 2 children; 7) one parent and one child; 8) three siblings; 9) spouse and two children; 10) two parents. Ho: observed heterozygosity, He: expected heterozygosity, TPI: typical paternity index, PD: power of discrimination, PE: power of exclusion, PIC: polymorphic information content, Pɪ: probability of Identity, MAF: major allele frequency
